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Virtual Bench Testing to Populate GT Objects  

Consulting- & 
Engineering Services  

Simulation and Analysis  

of complex fluid flow and heat 

transfer systems 

for engineering and industrial 

applications 

InDesA GmbH   Anton-Ditt-Bogen 27  D-80939 München  Phone +49 (89) 552 7978-10  Fax +49 (89) 552 7978-29  www.InDesA.de  

• Engine & VehicleThermal Management  

• Heat Exchanger Thermal Analysis 

• Pumps / Fans / Turbomachinery Flow and Thermal Analysis 

• Aerodynamics and AeroAcoustics  

and more … 

Company Profile   

3D CFD/CHT Analysis 

 

 

 

1D System Analysis   

GT-SUITE 
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Virtual Bench Testing to Populate GT Objects  

We want to give answers to: 

 

Why is virtual testing beneficial to the virtual creation process? 

 

How can Supplier and OEM better interact building up a 

simulation environment in GT-SUITE? 

We want to demonstrate: 

 

How to speed up the simulation process with virtual bench 

testing. 

 

How to improve the quality of input data for multi-physics 

system simulation in GT-SUITE! 

… for a pipe bundle EGR Cooler 

 
What to expect? 
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Engine Warm-Up Simulation  
 

 dynamic vehicle / drive line 
 engine combustion  
 thermal conduction in 

engine structure 
 thermal transport through 

coolant and oil circuits 
 engine friction 

 
Example for Multi-Physics System Application 

engine coolant WJ 

vehicle coolant cicuit engine oil circuit 

underhood flow 

vehicle drive line 

automatic transmission 

combustion 

ATF circuit 

engine friction 

engine structure 

vehicle 
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Virtual Bench Testing to Populate GT Objects   
Engine Warm-Up Simulation 

Engine warm-up simulation is a typical OEM application  
 

 for the prediction of fuel consumption for warm-up 
drive cycles. 

 for the assessment of thermal management and 
friction reduction techniques. 

About 2500 parts need to be specified! 
 

 Geometry from CAD data 
 Physical properties  

 from physical bench testing 
 from virtual bench testing 

 
 Internal data (OEM) 
 Supplier data 
 
 data hunting takes considerable amount of time 
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 How to speed up the virtual creation process ? 

Supplier 
ancillary component 

 
Heat Exchanger(HX) 

test bench 

results 

OEM 
with GT-SUITE 

Expertise 

GT-SUITE provides capability to 
store object data in shared object 
libraries (*.gto) 

InDesA  

Virtual Test Bench 

 

“nice to have” 

“common practice” 

… with 3D CFD and 
GT-SUITE  Expertise 

“best available” 

Rapid 

Prototype 

physical test 

bench 

CAD data  
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Test Rig Set-Up for an EGR Cooler Module 

Exhaust 

Coolant 
Exhaust 

Coolant 

Environment 
temperature 
heat transfer coefficient 

Flow Rates 
optional from  
GT-SUITE 
engine model 

Additional Boundary Conditions 
• Flap position for  
  bypass-flow 
• EGR valve  
  position 

Model Set-Up with 
 
• Thermal Fluid/Structure Coupling 
• Full details of pipes or fin/plates 
• EGR valve cooling and 
  flow leakage at by-pass flap included 
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Virtual Bench Testing to Populate GT Objects  

local heat transfer 

 
Pipe Bundle EGR Cooler Module 

 dimple design by InDesA 
 to enhance heat transfer 

through turbulence 
 
  only turbulent flow 

bypass 
dimples 

Gas Side 

27 pipes 

for discretized HX use only 1 pipe: 
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Virtual Bench Testing to Populate GT Objects  

EGR valve 

bypass flap 

 
Decomposition of EGR Cooler with GEM3D 

Gas Side Decomposition of Cooler Module with GEM 3D  

 gas side dimensions and volumes 
can be retrieved from GEM-3D. 

 alternatively the module can be 
treated as one HX object with 
integrated pressure losses for coolant 
and exhaust gas. 
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Virtual Bench Testing to Populate GT Objects   
Coolant Flow through EGR Cooler Module 

inlet 
outlet 

valve seat cooling 
Coolant Side 

Heat Exchanger Type: 
parallel flow with some cross flow 

 most EGR coolers are designed as 
parallel flow heat exchanger due to 
cooling requirements at the hot end 
(→ e.g. valve seat cooling). 
 
 some cross flow is involved at the 

coolant inlet and outlet or due to 
baffles placed in the water jacket. 

outlet 

inlet 
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Virtual Bench Testing to Populate GT Objects   
Test Rig Results for an EGR Cooler 

Coolant  
• temperatures 
• pressure loss 
• onset of boiling 
• volume flow rates 
• flow uniformity  

Exhaust 
• outlet temperature 
• pressure loss 
• force on flap 
• flow leakage 

Structure 
• temperatures 
  esp. valve seat 
• heat transfer 

Nusselt Correlation 
Nu = f (Re,Pr) 

Pressure Loss 
p ;  

Pressure Loss 
p ;  

GT     heat exchanger object: 
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Virtual Bench Testing to Populate GT Objects   
The InDesA Virtual Test Rig 

Parallel Cluster with 112 Nodes  
(14 Blades, each with  2 Intel Xeon/Nehalem Quad-Core Prozessors 
and InfiniBand Switch, Integrated Storage Area Network) 

compute time:  1 day for  
   14 steady flow operating points *) 

20 operating points 

*) for STAR-CCM+ model with 14 million cells 
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Virtual Bench Testing to Populate GT Objects  

Exhaust Gas Flow Rate [kg/sec] 

Prediction Fidelity: 
InDesA has computed over 30 different EGR coolers of various designs. 
Prediction accuracy has been checked and approved by supplier,  
e.g. at the Automotive Research Experiment Station / Michigan State University. 
Accuracy of simulation lies within test bench accuracy of 2-3 % for the heat transfer rate. 

 
Virtual Test Rig Results & Transfer to GT-SUITE 

gas inlet temperature: 550°C 
coolant inlet temperature: 90°C 
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Virtual Bench Testing to Populate GT Objects  

discretized HX 

non-discretized HX 

implicit 

implicit 

implicit 

explicit 

exhaust gas 

coolant 

exhaust gas 

coolant 

Nu Correlation 

 excellent agreement of CFD data 
points with GT regression for Nu-
correlation from low to high mass 
flow rates. 

 
Virtual Test Rig Results & Transfer to GT-SUITE 
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Exhaust 

Coolant 
Exhaust 

Coolant 

Environment 
temperature 
heat transfer coefficient 

pressure 

temperature 

mass flow rate 

Mean flow conditions: 

Exhaust Coolant 

inlet temperature  450 °C 90°C 

flow rate 5.86 g/sec 12.5 l/min 

inlet pressure 1.8 bar 2 bar 

 
Transient Simulation with Pulsating Flow 

transient b.c. from GT-POWER analysis: 
550°C/90°C 
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Virtual Bench Testing to Populate GT Objects  

Exhaust 

Coolant 
Exhaust 

Coolant 

pressure 

temperature 

mass flow rate 

 
Transient Simulation with Pulsating Flow 

transient b.c. from GT-POWER analysis: 
CFD Results 
after 10 cycles 

stationary 

simulation 

transient 

simulation 

enhancement 

factor 

heat transfer rate  1.82   kW  1.96 kW 1.08 

pressure loss  534    Pa 841  Pa 1.57 

heat transfer (CFD) 

9th cycle 10th cycle 

sec. 
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GT-SUITE 

Coolant Pump Cooling  Fan Compressor Heat Exchanger 

GTO Library GTO Library GTO Library 

 
Capability of the InDesA Test Facility Center 
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Conclusion 

Standardized Virtual Bench Testing  
 

… significantly speeds up the virtual creation process between supplier 

and OEM at lower costs. 

 no need for prototypes and physical bench testing 

 

… feeds OEM directly with populated and tested objects for GTO-Library 

 complementary use of 3D CFD and GT-SUITE and Post-Processing 

 

… enhances input data for GT-SUITE Pre-Processing 

 virtual test data fit very well with Nu-Correlation 

 

… is capable to predict heat transfer for pulsating flow. 

 complementary use of 3D CFD and GT-POWER   

 

besides … 

the virtual test bench can be packed, stored and reproduced anytime. 
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Virtual Bench Testing to Populate GT Objects  

Thank you for your attention. 
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